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(54) PRODUCTION OF FULLERENE THIN FILM 

(57)Abstract: 

PURPOSE: To form a rigid fullerene thin film by 
providing a process for forming the fullerene thin film on 
a substrate and a process for polymerizing the fullerene 
by the irradiation of light energy to prevent the 
detachment or movement of the fullerene from the 
substrate. 

CONSTITUTION: The fullerene is made of carbons 
bonded into a basket state having single bonds and 
double bonds between carbons. When the fullerene is 
irradiated with light at the wavelength of about 300nm, a 
part of the double bonds is broken to bond fullerene 
molecules to each other. As a result, several numbers of 
fullereene molecules are cross-linked, and then, 
fullerene is fixed and so prevented from the detachment 
from the substrate or the movement on the substrate. In the figure, after a monomolecular 
layer of C60 is vapor deposited on the (001) plane of a molybdenum disulfide substrate 2 kept 
at 200X from a vapor deposition cell 1 under vacuum, a shutter 3 is closed and ultraviolet ray 
at the wavelength of SOOnm is applied through a viewing port 4 for 1min from a ultraviolet 
lamp 5. The work of vapor depositing the monomolecular layer of C60 and irradiating with 
light is repeated 100 times. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2 **** shows the word which can not be translated. 
3, In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fullerene thin-film-fabrication method characterized by having the process which forms a 
fiiUerene thin film on a substrate, and the process which gives a light energy to the aforementioned 
fullerene thin film, and carries out the polymerization of the fullerene in the aforementioned fullerene 
thin film. 

[Claim 2] The fullerene thin-film-fabrication method according to claim 1 characterized by performing 
the aforementioned fullerene thin film formation process and the aforementioned photopolymerization 
process by turns. 

[Claim 3] The fullerene thin-film-fabrication method according to claim 1 characterized by giving a 
light energy to the aforementioned fullerene thin film, and carrying out the polymerization of the 
fullerene in the aforementioned fullerene thin film after forming the fullerene thin film of n molecular 
layer (n is one or more integers) on a substrate. 

[Claim 4] The fullerene thin-film-fabrication method according to claim 1, 2, or 3 characterized by 
heating a thin film growth substrate in the aforementioned photopolymerization process. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the thin-film-fabrication method of the fuUerene which 

the carbon atom combined in the shape of a basket. 

[0002] 

[Description of the Prior Art] When fullerene, such as C60 by which the extensive synthesis method was 
discovered by Kretschmer etc. in 1990 (Nature, 347,354 (1990)), and C70, introduced alkali metal and 
alkaline earth metal between C60 molecules under C60 crystal by HADON etc. after that (Nature, 
350,320 (1991)), it was discovered that physical properties, such as superconduction, are shown. This 
has a superconduction transition temperature very high as a molecule superconductor, and the 
application to a device etc. is expected. In connection with it, importance is attached to thin film-ization 
of fullerene, and research of thin-film-izing of fullerene is advanced by various thin-film-fabrication 
methods. 
[0003] 

[Problem(s) to be Solved by the Invention] Thin-film-fabrication methods, such as an organic 
molecular-beam vacuum deposition, a vacuum deposition method, and the Langmuire-Brodgett method, 
were used for the thin-film-fabrication method of old fiallerene. However, the thin film made by these 
methods had problems, like in combination of the matter called Van der Waals force in fullerene, such 
as C60, since it has joined together by the very weak force, the re-secession from a substrate and 
fullerene move about on a substrate, and structure is confused, this invention solves such a technical 
problem and aims at fixing the bonding strength between fullerene so that strength and fullerene may not 
secede from a substrate or it may not move about on a substrate. 
[0004] 

[Means for Solving the Problem] The place by which it is characterized [ of this invention ] is to form 
the thin film of fullerene, such as C60 and C70, on a substrate, give a light energy to the formed 
fullerene thin film, cause a chemical reaction between fullerene molecules, and carry out the 
polymerization of the fullerene molecule comrade by the conventional methods, such as an organic 
molecular-beam vacuum deposition. 

[0005] Invention of the 1st of this invention is the fullerene thin-film-fabrication method characterized 
by having the process which forms a fullerene thin film on a substrate, and the process which gives a 
light energy to the aforementioned fullerene thin film, and carries out the polymerization of the fullerene 
in a fullerene thin film. 

[0006] It is the fullerene thin-film-fabrication method given in the 1st invention characterized by the 2nd 
invention performing the aforementioned fullerene thin film formation process and the aforementioned 
photopolymerization process by turns. 

[0007] The 3rd invention is the fullerene thin-film-fabrication method given in the 1st invention 
characterized by giving a light energy to the aforementioned fullerene thin film, and carrying out the 
polymerization of the fullerene in a fullerene thin film, after forming the fullerene thin film of n 
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molecular layer (n is one or more integers) on a substrate. 

[0008] The 4th invention is the fullerene thin-film-fabrication method given in the 1st invention 
characterized by heating a thin film grovrth substrate, the 2nd invention, or the 3rd invention in the 
aforementioned photopolymerization process. 
[0009] 

[Function] Carbon joins together in the shape of a basket, and fullerene consists of single combination 
between carbon, and a double bond. If light with a wavelength of about 300nm is irradiated at fullerene, 
by the light energy, a part of double bond will go out, and fullerene will join together (polymerization). 
Between a lot of fullerene becomes like meshes of a net by this, and it is fixed, without fuUerene's 
seceding from a substrate or moving about on a substrate. 
[0010] 

[Example] One example of this invention is shown below with reference to a drawing. Drawing 1 is one 
example of the equipment used for this invention. 

[001 1] (Example 1) On the molybdenum disulfide (001) side substrate 2 held at 200 degrees C, under 
the vacuum of 4x10 to 7 Pa, after depositing C60 of one molecular layer (8A) from the vacuum 
evaporationo cell 1, the shutter 3 was closed, the viewing port 4 was spaced, and ultraviolet rays with a 
wavelength of 300nm were irradiated for 1 minute from the ultraviolet ray lamp 5. If 1 molecular-layer 
vacuum evaporationo of C60 was carried out, the work which irradiates light was repeated 100 times 
and C60 thin film of 100 molecular layers (800A) was produced. 

[0012] After measuring correctly the thickness of produced C60 polymerization thin film and C60 
conventional thin film deposited without performing photopolymerization, Although the thickness of the 
thin film deposited without performing photopolymerization was 300A when thickness was measured 
after heating a thin film at 400 degrees C which is the temperature to which C60 evaporates and holding 
it in a 4xl0-7Pa vacuum for 12 hours The thickness of a thin film including a photopolymerization 
process was 670A. In the photopolymerization thin film by this invention, it was checked that the re- 
secession from the substrate of C60 molecule by heating is very small. 

[0013] moreover, small in C60 thin film which deposited 100 molecular layers of C60 thin films not 
using the photopolymerization process when continuation observation of the 
lOmicrometerxlOmicrometer field was carried out with the contact atomic force microscope (it is 
henceforth described as AFM) ~ to an image being confused by several scans, by C60 thin film using 
the photopolymerization process, even if it performed 50 scans, change was not looked at by the image 
Although crystallinity will be confused and it will change to an amorphous state as thickness becomes 
thick if the vacuum evaporationo of the fullerene is carried out and it carries out the laminating, without 
performing photopolymerization like before, since according to this invention the fullerene comrade did 
the polymerization and is connected firmly, it turns out that the film which does not have almost change 
in a molecule interval is obtained with the 1st layer also in the thick portion of thickness. In addition, the 
firmer film was obtained, when performing photopolymerization and substrate temperature was heated 
at about 150 degrees C. 

[0014] (Example 2) On the quartz-glass substrate 2 held at 100 degrees C, after depositing C60 of one 
molecular layer (8 A) from the vacuum evaporationo cell 1 under the vacuum of 4x10 to 7 Pa, the shutter 
3 was closed, the viewing port 4 was spaced, and ultraviolet rays with a wavelength of 300nm were 
irradiated for 1 minute from the ultraviolet ray lamp 5. If 1 molecular-layer vacuum evaporationo of C60 
was carried out, the work which irradiates light was repeated 100 times, and C60 thin film of 100 
molecular layers (800A) was produced. After measuring correctly the thickness of C60 thin film 
deposited without performing C60 polymerization thin film and photopolymerization which were 
produced, Although the thickness of the thin film deposited without performing photopolymerization 
was 430A when thickness was measured after heating a thin film at 400 degrees C which is the 
temperature to which C60 evaporates and holding it in a 4xlO-7Pa vacuum for 12 hours The thickness of 
a thin film including a photopolymerization process is 720 A, and it was checked in the 
photopolymerization thin film that the re-secession from the substrate of C60 molecule by heating is 
very small Moreover, at C60 thin film which deposited 100 molecular layers of C60 thin films not using 
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the photopolymerization process when continuation observation of the lOmicrometerxlOmicrometer 
field was carried out by contacted type AFM, it was small, or to an image being confused by several 
scans, by C60 thin film using the photopolymerization process, even if it performed 50 scans, change 
was not looked at by the image. These things showed that C60 comrades in C60 thin film were 
connected firmly. In addition, the firmer film was obtained, when performing photopolymerization and 
substrate temperature was heated at about 150 degrees C, 

[0015] (Example 3) On the graphite (001) side substrate 2 held at 200 degrees C, after depositing C60 of 
one molecular layer (8A) from the vacuum evaporationo cell 1 under the vacuum of 4x10 to 7 Pa, the 
shutter 3 was closed, the viewing port 4 was spaced, and ultraviolet rays with a wavelength of BOOnm 
were irradiated for 1 minute from the ultraviolet ray lamp 5. If 1 molecular-layer vacuum evaporationo 
of C60 was carried out, the work which irradiates light was repeated 100 times and C60 thin film of 100 
molecular layers (800A) was produced. After measuring correctly the thickness of C60 thin film 
deposited without performing C60 polymerization thin film and photopolymerization which were 
produced, Although the thickness of the thin film deposited without performing photopolymerization 
was 300A when thickness was measured after heating a thin film at 400 degrees C which is the 
temperature to which C60 evaporates and holding it in a 4xlO-7Pa vacuum for 12 hours The thickness of 
a thin film including a photopolymerization process is 670A, and it was checked that a 
photopolymerization thin film has the very small re-secession from the substrate of C60 molecule by 
heating. Moreover, at C60 thin film which deposited 100 molecular layers of C60 thin films not using 
the photopolymerization process when continuation observation of the lOmicrometerxlOmicrometer 
field was carried out by contacted type AFM, it was small, or to an image being confused by several 
scans, by C60 thin film using the photopolymerization process, even if it performed 50 scans, change 
was not looked at by the image. These things showed that C60 comrades in C60 thin film were 
connected firmly. In addition, the firmer film was obtained, when performing photopolymerization and 
substrate temperature was heated at about 150 degrees C. 

[0016] (Example 4) On the molybdenum disulfide (001) side substrate 2 held at 200 degrees C, after 
depositing C70 of one molecular layer (9 A) from the vacuum evaporationo cell 1 under the vacuum of 
4x10 to 7 Pa, the shutter 3 was closed, the viewing port 4 was spaced, and ultraviolet rays with a 
wavelength of 300nm were irradiated for 1 minute from the ultraviolet ray lamp 5. If 1 molecular-layer 
vacuum evaporationo of C70 was carried out, the work which irradiates light was repeated 100 times 
and C70 thin film of 100 molecular layers (900 A) was produced. Afl;er measuring correctly the thickness 
of C70 thin film deposited without performing C70 polymerization thin film and photopolymerization 
which were produced. Although the thickness of the thin film deposited without performing 
photopolymerization was 300A when thickness was measured after heating a thin film at 450 degrees C 
which is the temperature to which C70 evaporates and holding it in a 4xl0-7Pa vacuum for 12 hours The 
thickness of a thin film including a photopolymerization process is 670A, and it was checked that a 
photopolymerization thin film has the very small re-secession from the substrate of C70 molecule by 
heating. Moreover, when continuation observation of the lOmicrometerxlOmicrometer field was carried 
out for C70 thin film by contacted type AFM, it was small, or even if it performed 50 scans, by C70 thin 
film using the photopolymerization process, change was not looked at by the image to an image being 
confused by several scans at C70 thin film deposited 100 molecular layers, without using a 
photopolymerization process. These things showed that C60 comrades in C70 thin film were connected 
firmly. In addition, the firmer film was obtained, when performing photopolymerization and substrate 
temperature was heated at about 150 degrees C. 

[0017] In the above example, although the thin film formation process and the photopolymerization 

process were performed by turns as light was irradiated, if 1 molecular-layer vacuum evaporationo of 

the fullerene was carried out, after carrying out n molecular-layer (n is one or more integers) deposition 

of the fullerene, you may add and carry out the polymerization of the light energy. 

[0018] Also in this case, like examples 1-4, the re-secession from the substrate of the fullerene by 

heating was very small, and change was not looked at by the image by AFM observation, either. 

[0019] 
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[Effect of the Invention] Like, if the method of this invention is used, a firm fullerene thin film without 
re-secession of the fullerene from a substrate, fullerene moving about on a substrate and structure being 
confused, etc. above can be obtained. When applying industrially, it is very important to make a quality 
and firm thin film. 



[Translation done,] 
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oo^FFfl^«L^C7o»MT'j±. flfcs^nico^giFr'm 
mx\i 5 0 |llco^S:?To-r t®t^fll*^S^.ii^r*»-> 

it. z.tih<nimi}^^cnmm><nc6on±imm<izmf 

iaSSr 1 5 OiCggT}!niftLTtJ< J: •)ejiI^irlS*if# 

[0017] V}±<nmtmx'\,i. yy-uyi: ij/H'm 
mmLxiimmii-?>t\>^oXoiz. mmm^mt 

tm^^^xiiXw 

[00 18] zff)^^z^,^ iiifefi^i~4tPi«tc;. ta 
mizx h y y-vy<7ymji^^<mmmmkz>v^ 
<. ^fz. Kvvmm.^)^->x\,mz%nt^W£ii^ 

->fz. 

[0019] 

ixXi. mi.is'h<r>yy~\^y(rmmL'^. yy-vyif 
ws±xm%mwm)mihz't*£Wj:\^mm:y 
y-vymm^h'^if'^^h, im)\z%mhni 
m^mxmsmmi'(^hmtw'^\z'mxhh. 



(4) 



i^m^8-295505 



1 m^-t>u 



2 mm\ 

3 iy^r-y^- 

5 mm>T 



[011 



OOOOQQQ 



